fforts are now underway to develop systems that promote the use of genomic medicine in primary health care. 1 As part of these efforts, tools like the Surgeon General's My Family Health Portrait have been developed to collect and analyze family history information. 2, 3 The success of systems that use family history as the basis for risk assessment hinge on the ability of patients to supply their primary health care providers with accurate and detailed family health history information. 4 -6 However, little is known about the public's practical knowledge regarding the collection of a detailed family health history. 6 -9 Much of the research regarding the extent and nature of the lay public's knowledge about genetics has focused on underlying theoretical principles of genetics including genetic terminology, genetic concepts, heredity and familiarity with genetic tests. [7] [8] [9] [10] [11] [12] Collectively, the results of these studies suggest that community members are generally uninformed about genetic principles, including the molecular basis of genes and chromosomes, and the manner in which genes are passed on from one generation to the next. [7] [8] [9] [10] 12 The ability of genomic medicine to improve health outcomes is also linked to patients' willingness to follow their primary care providers' medical management plan. 13 However, there is a lack of information about the general public's interest in and ability to follow recommended medical management guidelines based on their risk for disease. Some studies suggest that people who believe genes have a high level of influence on human characteristics (genetic determinism) use this belief to rationalize their decision not to change their health behaviors or pursue risk reducing strategies when told they are at increased risk for disease. 14 -16 A fear of genetic discrimination by insurance companies and employers is a well-documented barrier to the anticipated success of genomic medicine. [17] [18] [19] [20] [21] It is often taken into consideration by individuals deciding whether to pursue genetic testing for adult-onset conditions. [17] [18] [19] [20] [21] Concern about genetic discrimination has also prompted the passage of both state and federal legislation governing how genetic information can be used by health insurance companies and employers. 19, 20 Yet, few people are aware of the protection offered by these laws. 19, 22, 23 Another factor that may affect the successful integration of genomic medicine into primary care is the public's overestimation of the availability, sensitivity, and specificity of genetic tests. 24 -26 Individuals who overestimate the existing genetic technology may be disappointed when they learn about the possible limitations. They may become disillusioned by the technology and choose not to consider future innovations based on their previous disappointments. 27, 28 
Educational needs assessment
To promote community participation in a genomic medicine initiative taking place in Guilford County, North Carolina, an educational component was included as part of the research design. 29 This education program was proposed to help facilitate the collection of family history information and circumvent some of the real or anticipated problems experienced by other groups attempting to integrate genetic advances into their local communities. 30 -32 Program development involved conducting a telephone survey and formulating a plan of action. The goal of the survey was to (1) ascertain the educational needs of the community, (2) identify potential barriers to the success of the model to improve health outcomes, and (3) define target audiences.
METHODS

Development of telephone survey
The community survey was developed in three stages, which included content development, assessment of the clarity of survey items, and evaluation of the ease of administration over the phone. Specific items in the survey assessed community members' awareness of genomic medicine, their knowledge of genetics and genetic testing, moral attitudes, confidence in regulatory agencies, the anticipated uses of technology, expectations regarding future technologic advances, and their personal experiences with genetics, genetic disorders, and genetic testing. The words "genetics" and "genetic testing" were selected as surrogates for the term "genomic medicine" based on the results of previous community focus groups, which indicated a lack of familiarity with the term "genomic medicine." 33 For this study, those data regarding respondents' knowledge, experience and sociodemographic characteristics will be described.
Content development
The initial survey included 14 true/false knowledge statements. The majority of statements fell into four broad categories: (1) family history and inheritance, (2) screening for common diseases, (3) genetic testing, and (4) laws governing the use of genetic information. The final survey consisted of 16 true/ false statements.
Three statements adopted from other surveys were altered in an attempt to lower their reading level. These statements include "A person's race and ethnicity can affect how likely they are to get a disease," "Most health problems are caused by a combination of genes, the environment, and lifestyle," and "You can only inherit breast cancer from your mother's side of the family." 9,10,34 A statement was created based on the reported importance of recording the age of onset of a disease. The statement "Genetic tests can be done to find out how a person will react to certain drugs" was included because of the planned expansion of the initiative into the area of pharmacogenetics.
The remaining statements relating to inheritance, routine cancer screening, genetic testing, and the laws preventing genetic discrimination were created specifically for this survey because these topics were not included in other tools. Cancer was used as an example because it is common, there are routine screening tests, and two of the three pilot diseases included in this genomic medicine initiative are cancers (breast/ovarian and colorectal cancer).
To measure what impact experience had on the number of questions survey respondents answered correctly, three items were adapted from a previous survey by Henneman et al. 7 Respondents were asked if they knew (1) someone who had seen a geneticist or genetic counselor, (2) someone with a genetic disorder, and (3) about genetic testing for disorders that occur in adults.
Sociodemographic questions regarding education, age, race, and gender were used directly or adapted from the 2004 Behavioral Risk Factor Surveillance System State Questionnaire, a standardized measure used by the Centers for Disease Control to collect risk behavior and demographic information via telephone or self-administered surveys. 35 These questions were used to determine what sociodemographic characteristics are associated with knowledge about genetics and genetic testing and also, to identify target audiences for various components of the education plan.
Clarity of items
The survey was given to 301 university students in the county who were asked to provide feedback on their understanding of the statements and questions. This convenience sample was selected because of limitations in both time and resources and with the recognition that students were likely to be better educated than many of the target audience members.
Based on their knowledge scores, and comments about the tool, one statement was replaced, four were reworded, and two were expanded to add clarity. Finally, two items were added to explore respondents' understanding of a basic genetic principle that may affect the collection of family history information and their belief in genetic determinism. The statement "People are genetically more similar to their parents than to their brothers and sisters" was adapted from a survey by Henneman et al. 7 The statement "If you have a variation in a gene that can cause cancer, there is nothing you can do to prevent cancer" was an adaptation of questions include in three different surveys. 7, 9, 10 The revised tool had a total of 16 knowledge items ( Table 1) .
Ease of administration
In the final stage of development, the revised survey tool was tested over the phone using a convenience sample of five individuals over the age of 40 who did not work in a science or health care field. Based on their feedback, additional revisions were made to improve the clarity of both the statements and the instructions. The final survey tool was used in a cross-sectional telephone survey conducted between July 17th and August 23rd, 2006.
Study participants
A single stage equal probability selection method (EPSEM) sample of 29,000 residential telephone numbers within the county (including listed, unlisted, and nonpublished numbers) was generated by the GENESYS sampling System. 36 To maintain the statistical integrity of the sample, nonresidential yellow page business numbers were compared with the generated sample and matching telephone numbers were purged. 36 All types of wireless numbers were also purged from the dataset by GENESYS-CSS, a proprietary software of the Marketing Systems Group. 37 This left a list of 15,231 numbers.
This list was divided into groups of 18, and each group was assigned a number, from 1 to 4, on the Troldahl-Carter table. 38 This table defined the age and gender of the eligible adult in each household. Eligible adults were English-speaking, 18 years of age and older, and living in the county at the time of the survey.
Of the original list of 15,231 randomly generated phone numbers, 13,570 were called before the minimum sample size of 1100 was obtained. This sample size is sufficient to reduce the response margin of error to 3% at a 95% level of confidence. Of the numbers that were called, 10,075 were functional and assigned to a household.
Each working number was called up to three times, at different times of the day and on different days of the week. Interviewers reached 5195 households. The rate of refusal was 70%, 8% of the people were ineligible to participate, and a total of 1136 interviews were completed for a response rate of 22%. Trained interviewers entered participant responses into a webbased survey developed using the Zoomerang zPro Online Survey Tool. Quality control procedures included strict adherence to the script and telephone monitoring.
Scoring of survey items
An overall knowledge score was created by assigning one point for each correct designation of a knowledge statement as true or false. No points were given for an incorrect answer. The responses of participants who stated they were not sure, did not know the answer, or who refused to respond were recorded as incorrect. The highest possible score was 16 points.
By using the responses to the three experience questions described earlier, an experience score was created by coding the responses to each question as 0 or 1. 7 Zero points were assigned when they responded "no," "not sure," or they chose not to respond to one of these items. One point was assigned if a respondent said they had a particular experience. The sum of the responses gave a range of experience scores between 0 and 3.
Validity and reliability of the knowledge portion of the survey
Acceptable face validity was established by having the items reviewed by experts in genetics, genetic counseling, and individuals with expertise in the development of survey instruments (Odum Institute for Research in Social Science, University of North Carolina at Chapel Hill; Center for Educational Research Measurement, UNCG). Content validity was established based on the results of previous studies, which have shown that there is a positive correlation between increased knowledge scores and respondents' education and age. 7, 10, 39 Cronbach's alpha, the average of all the correlations between each item and the total score, was calculated to determine the extent of homogeneity of the questions included on the knowledge scale. Cronbach's alpha was 0.42. As this is significantly Ͻ0.7, the decision was made to use the number of questions each participant answered correctly as an estimation of their overall knowledge on the various topics that were covered.
Data analysis
Quantitative statistics are deemed appropriate for a single group randomized design study. Descriptive statistics were used to characterize the respondents in terms of demographic characteristics, genetic knowledge, and experience with genetic diseases and tests. A 2 test of independence was calculated to assess the relationship between respondents' education, experience, age, race, gender, and knowledge.
A one-way analysis of variance was used to assess the strength of the associations between the knowledge scores and potential predictors including education, experience, age, race, and gender. A P value of Ͻ0.05 was considered statistically significant. The Tukey's HSD post test was performed to identify the pairwise differences. Variables that showed statistical significance with the genetic knowledge categories at P Ͻ 0.05 were taken simultaneously into a stepwise multiple logistic regression model. SPSS for Windows 15 .0 was used to analyze the data. The University of North Carolina at Greensboro and the U.S. Army Medical Research and Materiel Command Institutional Review Boards approved all activities and studies described here.
RESULTS
Demographic data
Respondents were predominantly Caucasian (74.0%), female (62.9%), and had a mean age of 51.9 years (SD ϭ 16.4, range, 18 -95) ( Table 2) . Caucasian respondents were older on average than African American respondents (m ϭ 54 years vs. m ϭ 47 years; P Ͻ 0.001) and had achieved a higher level of education (48.7% Bachelor of Science or higher vs. 40.1% Bachelor of Science or higher; P Ͻ 0.01). Based on the 2000 U.S. census data, Caucasian and non-Hispanic respondents were overrepresented (74.0 vs. 64.5%). 40 As a group, respondents were also older than members of the community and had gone farther in school. 40 The 4.7% of respondents who defined their race as something other than Caucasian or African American were dropped from the dataset before analyses that specifically involved race. In all other analyses, the entire dataset was used. 
Experience
Respondents with more education were more likely to report that they had read about genetic testing, knew someone who had seen a geneticist or genetic counselor, and/or knew someone with a genetic disorder ( 2 ϭ 190 [12] ; P Ͻ 0.001). Respondents with experience were also more likely to be Caucasian ( 2 ϭ 11.3 [4] ; P Ͻ 0.05), between the ages of 30 and 59 ( 2 ϭ 45.2 [20] ; P ϭ 0.001), and, on average, younger than respondents with no experience (48.0 vs. 56.0 years). Table 1 shows the percent of individuals who provided the correct response to each item in the knowledge section. The mean score on the 16 knowledge items was 9.44 (SD ϭ 2.1, range ϭ 2-16). The median score was 10 and the distribution was normal (SD error of skewness ϭ 0.075).
Knowledge
The vast majority of respondents recognized that there is a connection between genes, the environment, lifestyle, family history, race, ethnicity, age of on-set, and the risk for disease. Almost 75% knew that people can inherit breast cancer from either side of their family and that there are steps people can take to lower their risk for cancer. More than 50% were aware of the fact that federal legislation exists to protect individuals enrolled in group health insurance plans from genetic discrimination (i.e., the Health Insurance Portability and Accountability Act, as this survey was conducted before the passage of the Genetic Information Nondiscrimination Act in 2008), and that the state of North Carolina has laws to protect individuals from discrimination by employers.
A significant number of participants did not appear to know: (1) that genes play a role in the predisposition to almost all common diseases, (2) basic genetic principles, such as the fact that people share the same number of genes with their siblings as they do with their parents, and (3) the limitations of the available genetic tests.
Bivariate and multiple regression analyses
A significant difference was found between the mean knowledge scores of respondents in the five education categories (F(4,1121) ϭ 40.2; P Ͻ 0.001), especially at the extreme ends of the continuum (some high school [m ϭ 7.5, SD ϭ 2.5], vs. post-baccalaureate [m ϭ 10.4, SD ϭ 2.0]). However, no single knowledge item was found that explains this difference.
Higher experience scores were associated with higher mean knowledge scores (F(3,1132) ϭ 46.9, P Ͻ 0.001). The mean knowledge scores of respondents within each educational category also increased as the experience score increased (Table 3) .
Other factors associated with mean knowledge scores included the respondents' age and race. Respondents between ages 40 and 59 years had the highest mean knowledge score (m ϭ 9.8, SD ϭ 2.0). Respondents in the oldest age group (Ն70 years) had the lowest mean knowledge score (m ϭ 8.7, SD ϭ 2.1), which was followed closely by the mean knowledge score of respondents less than the age of 30 (m ϭ 9.2, SD ϭ 2.1) ( Table 4 ). The mean knowledge score of Caucasian respondents (m ϭ 9.6, SD ϭ 2.1) was significantly higher (P Ͻ 0.001) than the mean knowledge score of African American respondents (m ϭ 9.1, SD ϭ 2.1). However, the actual mean difference was approximately half a point. No significant difference was found between the mean knowledge scores of male (m ϭ 9.6, SD ϭ 2.2) and female (m ϭ 9.4, SD ϭ 2.1) respondents. A stepwise multiple regression analysis was performed to determine which variables predict knowledge of genetics and genetic testing. Bivariate factors that were predictive of the mean knowledge score at P Ͻ 0.05 (Table 5) or better were included in the analysis. Variables that significantly predict knowledge were education, followed by clinical genetics experience, age, and race (Table 6 ).
DISCUSSION
The survey results generally conformed to expectations based on previous studies. 7,8,10 -12 The most knowledgeable respondents were well educated, had multiple clinical genetics experiences, and were between the ages of 30 and 59 years.
The majority of respondents recognized that race, ethnicity, family history, and age of onset impact a person's risk for disease. They also realized that most health problems are caused by a combination of factors including genes, the environment, and lifestyles. However, they seemed less well informed about the fact that genes play a role in almost all diseases and that they share the same number of genes with their siblings as they do with their parents.
Because adults tend to be self-directed, problem centered learners who are motivated by internal needs, this lack of understanding about genes has the potential to impact the success of a genomic medicine model based on the collection of family health history. 41, 42 If people do not recognize the integral role that genes play in almost all diseases, they may not be motivated to seek out information on genomic medicine, collect their families' health histories, or enroll in translational genetic studies. Even if people are motivated to collect their family health history, they may not collect sufficient, or accurate, information about parents, siblings and second-degree relatives to permit an accurate risk assessment. 3, 7, 11, 16 Almost 50% of respondents were unaware of the protections included in the Health Insurance Portability and Accountability Act of 1996, or that state laws prohibit genetic discrimination by employers. This may explain the concern among community members regarding privacy issues and the potential risk for genetic discrimination. These perceptions could also impact enrollment in genomic medicine studies. 33 Overestimation of the availability, specificity, and sensitivity of genetic tests appears to be common. 43 This and other studies have shown that a majority of people believe that genetic tests exist for most common diseases and that a large segment of the population will benefit from genetic testing. 44 These misperceptions highlight another of the community's educational needs, which was considered in the development of the community education plan.
Community education plan
Rogers' knowledge framework was used to prioritize the educational needs of the community and define potential target audiences. [45] [46] [47] The continuum of knowledge proposed by Rogers includes awareness knowledge, how-to knowledge, and principles knowledge. 45 Awareness knowledge is a recognition that something exists. 48 How-to knowledge is the practical 45 It refers to theoretical knowledge such as how genes are inherited and how they affect a person's risk for disease development. 45, 47 Although aware that a connection exists between family history and disease, there appears to be gaps in respondents' practical knowledge about what family history information is required to perform an accurate risk assessment. Therefore, information about family history collection was selected as the focus of the community education initiative.
Given that only one person needs to collect a family's health history, older women were identified as the target audience for the family history portion of the proposed education initiative. 48, 49 They were selected because women often assume responsibility for maintaining connections within a family, especially in matters involving health. Older women are also more likely to have information about deceased relatives than younger family members. 48 -50 As a group, older women also had lower levels of experience, education, and mean knowledge scores, which is another reason they were selected as a target audience.
Broad-based community education programs will seek to increase awareness about the existence of state and federal legislation to prevent genetic discrimination and protect patient privacy. These programs will also highlight the availability and clinical utility of genetic tests.
Information specifically related to a belief in genetic determinism will be included in both the broad-based community education programs and the coordinated education programs developed for primary care providers. This two-pronged approach was selected because studies indicate that identifying an individual's beliefs about the cause of a disease is best handled one-on-one, by primary care providers. 51, 52 In fact, most people put more trust in their primary care providers than they do in the health care system in general. 12, 39 Therefore, primary care providers are in an ideal position to assess a patient's underlying beliefs about the cause of a particular disease and address any issues of noncompliance regarding the screening guidelines if they arise.
Regarding principles knowledge about genetics and genetic testing, it seems likely that only those patients who are at increased risk for a specific disease will need to obtain this level of knowledge for a genomic medicine program to succeed. This detailed information can be individualized to each patient's situation by their primary care provider or genetics professional. Because it is personal, patients are more likely to perceive this level of knowledge as relevant to their lives, which is an essential component of a successful adult education program. 41, 42 
Limitations
A new survey tool was created to measure respondents' knowledge about topics important to the success of this project. However, limitations in both time and resources did not permit the critical psychometric testing necessary to validate and confirm the reliability of the tool. 53 The survey response rate was low but similar to the rates reported in other studies conducted in the last decade after the emergence of cellular telephones, caller identification, call blocking, and answering machines. 54 In addition to changes in the way people communicate with one another, it was not possible to inform the community through the local media outlets that a survey was being conducted, which may have also affected participation. 53 Another factor that most likely affected the response rate was the use of the Troldahl and Carter table to identify the eligible adult in each household rather than speaking with the first adult who answered the phone. 38 In some instances, the eligible adult in the home was not available to take the call, and follow-up calls in these situations were not as effective at gaining participation of eligible respondents. In future surveys, other methods of respondent selection could be used to improve participation rates and obtain a more representative sample of the population. 55 The generalizability of the study results is limited by methods of sample selection, and the time lapse between the conclusion of the study and its publication. Validated and reliable tools should be used in future studies to measure awareness, and the how-to knowledge of the public as it relates to new innovations. Different respondent selection strategies should also be used, and nonrespondent information should be collected to assess the effects of the nonresponse bias on the quality of the survey.
CONCLUSION
The survey confirmed that the community is not a "tabula rasa," in terms of their knowledge about genetics. This and other studies have shown that community members grasp that there is a connection between genetics, disease, and a person's family history. Concerns about genetic discrimination are prevalent and there are serious misconceptions about the availability and limitations of existing genetic tests.
For community members to take advantage of genomic medicine initiatives that are based on family history, at least a subset of people will need to know what information to collect. Community members must recognize that there are steps they can take to reduce their risk for disease. Primary health care providers must know how to recognize patients who believe in genetic determinism and how to address their concerns. Broadbased education initiatives that highlight existing genetic nondiscrimination legislation may also promote participation in genomic medicine studies. Finally, education programs that address the availability and limitations of existing genetic tests may provide people with a more realistic understanding of the state of genetic research, and forestall communities from simply dismissing genomic medicine initiatives based on negative experiences. 56 
